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Manual flax processing originated in Egypt in 2 000 BC. In the present study a representative sample of the workers involved in this trade, where flax is processed in small workshops or homes, was examined, and their dust exposure was evaluated. The study showed that workers handling and processing flax are exposed to high concentrations of dust; the levels of dust at hackling and combing are considerably higher than at batting and spinning. Byssinosis prevailed in 22-9 % of the examined workers, and 1 8-4 % of them had their forced expiratory volume in one second reduced by more than 10 % at the end of the first morning work period (4 hours) of the week. Both the rates and the grades of these syndromes increased with duration of exposure. Smoking appeared to be one of the important contributory factors in the production of byssinosis. The relationship between duct concentration and prevalence of byssinosis seems to be curvilinear.
Manual processing of flax is a very old industry which existed in Ancient Egypt. Picture writing describing flax cultivation and processing is present in most graves of Bershia (2 000 BC) and Luxor (1 600 BC) (Ibrahim, 1959; Erman and Ranke, 1945) .
Processing has not changed much since that date. After drying and deseeding in the field, flax is biologically 'retted', a process in which the fibres are loosened from the woody parts of the plant by a putrefactive process. This is conducted outdoors in concrete containers in which flax bundles are put in layers, covered with water, and left until 'ripened'; this process requires one or two weeks, depending on the ambient temperature. The dry retted flax is beaten with a heavy piece of timber to break out the wooden parts, hackled to clean out these parts, and then combed to remove short staples. Spinning is conducted using a primitive spin that is usually ' Supported by Project operated by a young worker, while the fibres are fed and spun by an experienced spinner. Figure 1 shows these different operations.
For historical, economic, and ecological reasons the processing of flax in Egypt has become con- from different parts of the plant. It was suggested that the responsible agent(s) in the flax dust originated as a metabolic product of bacteria and fungi during flax retting (Bouhuys et al., 1961) .
In an epidemiological study on workers processing flax in the village of Shubra-Melles, El Batawi and Hussein (1964) found that out of 27 workers who had been involved in manual flax processing, 25 subjects suffered from byssinosis. Manual flax processing has, however, been concentrated in the town of Menuf. Many inhabitants have been involved in this occupation since their childhood and for many generations. It was expected, in view of the above reports, that respiratory diseases would prevail among them at high rates. The present study was therefore conducted with the following objectives
(1) to examine the respiratory health conditions of workers in manual flax processing, and (2) to determine the relationship of environmental conditions and dust concentrations to the prevalence of respiratory disorders.
The results of this investigation are also needed by the local health authorities to help in planning occupational, social, and health services for these workers.
The number of flax workers in this town has been estimated by the local employment office to be slightly higher than 1 600 (including business owners). Most of them are employed in small workshops, which usually include from eight to 30 men and children, while a few work in their homes. They usually work a morning period of 4-5 hours, break for 2-3 hours for lunch and a short sleep, and then resume work in the afternoon for 3-4 hours. Workers involved in batting and hackling usually work outdoors in front of the shop or the home, while those combing and spinning the fibres work indoors. All workplaces have poor hygienic conditions.
Methods Dust measurement and analysis Airborne dust was sampled in six workshops that represent the different sizes and localities of the 56 shops in town. Total and respirable dust samples were taken at the breathing levels of workers and beside each operation.
Total dust was collected by a Unico-550 turbine-jet high-volume sampler (Fall River, Massachusetts, USA). Respirable dust was collected, as described by Roach and Schilling (1960) , using a Casella air-sampling hexhlet instrument (London, England) modified to carry filter discs for collecting the dust. The rate of flow was kept constant at 50 I/min for the hexhlet sampler, and the sampling was conducted for a period of 30 minutes by both samplers. The filter discs used in both instruments were 10 cm glass fibre (Reeve Angel, Clifton, New Jersey, USA). The discs were prepared in a desiccator under vacuum for 24 hours and weighed before and after sampling. A total of six pairs of samples were collected at each operation.
Each filter disc with either the total or respirable dust was divided exactly into two halves, and each half was analysed for either protein or carbohydrates. Protein was determined using the micro-Kjeldahl method modified for fibreglass filter samples by Goppers and Paulus (1961) .
'Soluble carbohydrates' were extracted by soaking the filter (with the dust sample) in 20 ml redistilled water in a 50 ml centrifuge tube and stirring with a glass rod. The tube was left overnight in a refrigerator and then centrifuged, and the supernatant fluid was analysed for carbohydrates as described by Morris (1948) . The sediment was re-suspended in 15 ml water, mixed with 5 ml amylase solution containing 0-02 mg (about 10 EU/mg), incubated for 30 minutes at 37°C, and then centrifuged, and the 'insoluble carbohydrates' were determined in the supernatant by the same method.
Medical examination Fourteen workshops, including those which had been environmentally surveyed, were randomly selected, and the workers employed there (n = 406) were examined. A control group of agricultural workers (n = 100) with distributions of age, anthropological measurements, social and ecological backgrounds, and smoking habits similar to those of the examined workers, but with no history of dust exposure, were selected from the same town and examined.
Social, personal, occupational, and past medical histories, with special emphasis on respiratory and allergic diseases and smoking habits, were recorded for each subject. A questionnaire on chestsymptomsbasedon experience from studies of byssinosis in Egypt and on the questionnaire used by Roach and Schilling (1960) was completed. This was followed by a complete medical examination of each subject.
Byssinosis was diagnosed and graded as recommended by the Sub-committee on Respiratory Diseases in Textile Workers of the Permanent Commission and International Association on Occupational Health (Schilling etal., 1964) .
Subjects complaining of chronic or recurrent cough and phlegm on most days for at least three months per year for two successive years were diagnosed as chronic bronchitis, provided no localized diseases of the lungs, bronchi, and upper respiratory tract or cardiovascular cause were present (Fletcher, 1959) . Subjects with a present history of recurrent attacks of paroxysmal dyspnoea accompanied by wheezing and relieved by antispasmodics were diagnosed as bronchial asthma (Hinshaw and Garland, 1963) .
Ventilatory function changes
The examined workers were divided into eight groups according to the locality of their shops, and ventilatory function measurements were conducted for each group, in a central place, on Sunday (the first day of the week after a Saturday weekend which is market day) for eight consecutive Sundays. Timed forced expiratory volume (FEV1.0) was measured for each worker before starting work (7-8 am) and immediately after the end of the morning work period (12-1 pm), i.e., 4-5 hours' exposure. Ventilatory function for the control subjects was similarly measured in the morning and five hours later on the same day as the medical examination. Results No significant differences were found between the different shops relative to dust concentration in air, nature of collected dust, or the health of the workers. Consequently, data collected from these shops (or homes) were combined and are presented in the tables. Table 1 presents total and respirable atmospheric dust concentrations for the different operations. Concentrations of dust produced in hackling and combing were much higher than those in batting which are relatively higher than in spinning. Table 2 . No significant differences between these constituents were observed in the dust collected during the different operations. However, these constituents were slightly lower in the dust collected during spinning than in the dust collected during the other operations. Protein was slightly lower in the respirable dust than in the total dust while the carbohydrate fraction was slightly higher in the respirable than in the total dust. No carbohydrates (insoluble) could be detected in the amylase-treated extract of any sample. Table 3 presents the prevalence of byssinosis, chronic bronchitis, and bronchial asthma among the examined workers as well as the control subjects. Like the experience of El Batawi and Hussein (1964) the symptomatology of the flax workers was more obvious and the diagnosis was easier to make than in cotton workers. Byssinosis was diagnosed in 22-9 % of the examined workers. The prevalence was maximum among the workers who had been exposed for a period ranging from 20 to 30 years (33-7 %) and was slightly decreased among those exposed for more than 30 years (29-8 %). Chronic bronchitis (17-5 %) and bronchial asthma (11 8 %) were significantly higher (p < 0-05) among the exposed workers than among the control subjects. It has been observed that Tables 6 and 7 illustrate the prevalence of byssinosis and reduction in FEVi.o among the examined workers according to the type of operation in which they had been involved, i.e., according to the dust concentrations to which they had been exposed. Hackling and combing workers were combined in one group because of their small number and because the dust concentrations to which they had been exposed were relatively close. The prevalence of byssinosis, as well as the reduction in FEV1.o, was highest in workers exposed to relatively high concentrations of dust. Discussion This study shows that workers handling and processing flax in the manual operations are exposed to high concentrations of dust (Table 1) . Dust concentrations during hackling and combing are considerably higher than during the other two operations. Hackling has long been known to be the most dangerous operation in flax processing. Ramazzini (1705) wrote '... those who hackle the flax and hemp to prepare it for being spun and wove, afford frequent instances of the unwholesomeness of their trades.. .'. d 'Evelyn (1894) reported 'hackling is the most deadly process ... the hacklers all die young and all suffer from chronic diseases of the lung caused by flax dust'. In hackling, bundles of beaten flax are hit violently with a racket to remove the wooden parts of the plant from the fibres. In combing, bundles of hackled flax are inspected and short fibres are combed out of it through steel nail combs. Flax bundles are turned around and spread out several times in both operations; those movements produce a considerable amount of dust especially near the worker's face.
The proportions of respirable to total dust collected during the different operations were consistent (17-2-18-3 %) except for combing where this proportion was lower (12-8 %). This may be attributed to the fact that more flax staples (> 7 ,u) fly from this operation which contributes to the increase of the nonrespirable fraction in the airborne dust.
No threshold limit value (TLV) is yet available for flax dust. Studies are now in progress to develop such value(s) (Noweir et al., in preparation) . However, the seriousness of workers' exposure to the levels of dust reported in this study might be evaluated by comparing such levels with the TLV of cotton dust. Flax and cotton dusts have been known to be closely related in their effect (Werner, 1955; Mair et al., 1960; Bouhuys et al., 1961) . The TLV for cotton dust has been listed in the 'Notice of Intended Changes' as 0-2 mg/m3-lint-free as determined by vertical elutriator-(American Conference of Government Industrial Hygienists, 1972) .
As a consequence of exposure to the above indicated concentrations of dust, respiratory complaints and symptoms occurred among exposed workers. Twenty-three percent of the exposed workers were reported byssinotics with different grades. Unlike the experience of Mair etal. (1960) , the prevalence of byssinosis among exposed workers was mostly related to the duration of exposure to the dust, except for workers exposed for relatively longer periods (e.g. 30 years and more). This might be due to the fact that some of the workers who develop byssinosis leave the work, especially in the older age groups. The increase in the degree of the disease according to the duration of exposure also may lead to the conclusion that the different grades of byssinosis succeed each other in diseased subjects.
The significantly higher prevalence of chronic bronchitis and bronchial asthma among workers than among the controls may be logically attributed to exposure to flax dust. This is supported by previous reports; e.g., Bouhuys et al. (1961) reported that after many years of exposure to vegetable dust, including flax dust, the clinical findings may be indistinguishable from those in chronic pulmonary insufficiency from other factors. However, the reported increase in the prevalence of these diseases according to age and duration of exposure to the dust may be inconsistent with the previous findings of Ferris, Anderson, and Burgess (1962) among some of the flax workers in the USA.
The fall in FEV1.o during the Sunday morning's work period in workers exposed to dust demonstrates the importance of such a test in detecting affected subjects. The number of workers showing a reduction in FEV1.o of more than 10% (18-4%) was less than those reported as byssinotics on the basis of history (22-9 %); however, the difference was not significant. This criterion (viz., reduction in FEV1.o of more than 10 %) has been proposed for a minimum exposure of six hours. The FEV1.o was measured for the workers in this study at the end of a work period of about four hours, and this shorter exposure period may explain the apparently low prevalence of this sign.
Cigarette smoking appeared to be one of the important contributory factors in the production of byssinosis among exposed workers (Table 5) . Data presented in this study indicate that smoking increases the worker's risk of byssinosis and confirm previous investigations Bouhuys et al., 1969; Zuskin et al., 1969; Merchant et al., 1972) . Zuskin, however, found that smoking did not affect the worker's reduction in FEV1.o on the first work day of the week. It may be noted that workers stated that smoking helps the expectoration of sputum and, consequently, releases chest tightness during work; this needs more detailed investigation.
The protein in cotton dust has been shown to be the constituent most highly correlated with the prevalence of byssinosis among workers exposed to this dust (Roach and Schilling, 1960) . The carbohydrates in cotton and flax dust have also been suggested as being at least partially responsible for causing the byssinosis syndrome among some of the exposed workers (Cavagna and Finulli, 1962; Noweir, 1971) . Consequently, both constituents (protein and carbohydrates) were determined in the collected dust samples as indices of the 'active' organic fraction in the dust which might in some way indicate the content of the active agent(s). Neither protein nor carbohydrate fractions showed significant variations in the dust collected during the different operations. Also, no significant difference was observed in the concentration of these con- stituents in total and respirable dust. As a consequence of this similarity, dust concentrations could be safely correlated with the prevalence of byssinosis and the reduction in FEV1.o among workers during the different operations (Figure 2 ). The number of hacklers and combers who had their FEV1.o measured in this study was too small (7 workers) for the results to be presented in the figure. The relation of the mean concentrations of either total or respirable dust to the prevalence of byssinosis among examined workers appears to be curvilinear. Roach and Schilling (1960) and Schilling and Roach (1961) found that such a relation between the prevalence of byssinosis and the concentrations of total or 'fine' dust is linear at low levels of exposure. The maximum mean dust concentrations in their investigations were 6 mg/m3 for total dust and 0-5 mg/m3 for 'fine' dust. However, byssinosis prevailed at considerably higher rates among the workers examined by these authors than among those examined in the present study. Many factors may be responsible for this, e.g., the difference in the physical and chemical qualities of the dust, the difference in exposed populations, the probable presence of other factors such as air pollution that may have contributed to the incidence of respiratory diseases among those examined in the previous studies. The role of these factors will be considered in a discussion of the development of the TLV for flax dust (Noweir et al., in preparation 
